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1
DEVICE FOR SECURING A MEDICAL
SENSOR

BACKGROUND

The present disclosure relates generally to medical sensors
and, more particularly, to sensors used for sensing physi-
ological parameters of a patient.

This section is intended to introduce the reader to various
aspects of art that may be related to various aspects of the
present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.

Many types of medical sensors, such as optical sensors, are
used to measure physiological characteristics of a patient.
Typically, an optical sensor provides emitted light, which is
then scattered through a portion of a tissue of a patient and
detected. Various characteristics of a patient can be deter-
mined from analyzing such light, such as oxygen saturation,
pulse rate, tissue bilirubin, and so forth.

Pulse oximetry is typically used to measure various blood
flow characteristics including, but not limited to, the blood-
oxygen saturation of hemoglobin in arterial blood, the vol-
ume of individual blood pulsations supplying the tissue, and
the rate of blood pulsations corresponding to each heartbeat
of a patient. Measurement of these characteristics has been
accomplished by use of a non-invasive sensor, which scatters
light through a portion of the tissue of the patient where blood
perfuses the tissue, and photoelectrically senses the absorp-
tion of light in such tissue. The amount of light absorbed
and/or scattered is then used to calculate the amount of blood
constituent being measured.

The light transmitted through the tissue is selected to be of
one or more wavelengths that are absorbed by the blood in an
amount representative of the amount of the blood constituent
present in the blood. The amount of transmitted light scat-
tered through and/or absorbed by the tissue will vary in accor-
dance with the changing amount of blood constituent in the
tissue. For measuring blood oxygen level, such sensors have
typically been provided with a light source that is adapted to
generate light of at least two different wavelengths, in accor-
dance with known techniques for measuring blood oxygen
saturation.

Known non-invasive sensors include devices that are
secured to a portion of the body, such as a finger, an ear, or the
scalp. In animals and humans, the tissue of these body por-
tions is perfused with blood and the tissue surface is readily
accessible to the sensor. More particularly, certain types of
oximeter sensors are applied to a forehead of the patient. For
example, an oximeter sensor attached to the inside of a stock-
ing hat provides one technique for placing, retaining, and
locating the sensor on a forehead of an infant. Such hats
should fit securely on the head of the infant to help the sensor
stay in contact with the tissue and apply an optimal pressure
to the forehead. Indeed, measurement accuracy may diminish
because of venous pulsations and/or less than optimal sensor
contact caused by a loose hat or a hat that slips oft the fore-
head.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the disclosed techniques may become
apparent upon reading the following detailed description and
upon reference to the drawings in which:

35

40

45

2

FIG. 1 illustrates a perspective view of an example of a hat
structure for holding a pulse oximetry sensor on a tissue of a
patient using an annular securing device incorporated into the
hat;

FIG. 2 illustrates a perspective view of an example of a hat
pulse oximetry sensor before and after being tightened;

FIG. 3 illustrates a perspective view of an example of a hat
pulse oximetry sensor with an annular securing device incor-
porated into most of the hat;

FIG. 4 illustrates a perspective view of an example of a hat
pulse oximetry sensor with an annular securing device incor-
porated into a band of the hat;

FIG. 5 illustrates a perspective view of an example of a
finger pulse oximetry medical device;

FIG. 6 illustrates a perspective view of an example of a foot
pulse oximetry medical device;

FIG. 7 illustrates a perspective view of an example of a
pulse oximetry sensor body;

FIG. 8 illustrates a partial cross-sectional view of an
example of a hat pulse oximetry sensor; and

FIG. 9 illustrates an example of a pulse oximetry system
coupled to a multi-parameter patient monitor and a sensor.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

One or more specific embodiments of the present tech-
niques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

Sensors for pulse oximetry or other applications utilizing
spectrophotometry may include the use of an annular secur-
ing device to retain a sensor structure on a patient. For
example, the annular securing device may be used in a stock-
ing hat to secure the pulse oximetry sensor on a head of the
patient. The annular securing device may be similar to that
used in toys referred to as Chinese finger traps, Chinese finger
puzzles, Chinese handcuffs, and so forth. Pulling on one or
both ends of the annular securing device in an axial direction
may reduce the circumference and diameter of the annular
securing device. Thus, the annular securing device may be
used in the stocking hat to tighten and conform the stocking
hat to the patient, thereby applying a predictable pressure on
the sensor. As discussed below, the ability of the hat to adapt
to different head sizes enables an optimal pressure to be
applied by the sensor to the head of the patient. Use of various
adjustment devices attached to the annular securing device
may facilitate adjustment of the diameter of the hat. In one
embodiment, a locking or restraining device may be provided
to maintain a desired diameter of the hat. In another embodi-
ment, indicia on the hat may be used to indicate positions of
the adjustment devices corresponding to particular head
sizes. In one embodiment, removal devices may be provided
on the hat to facilitate removal of the hat. Thus, a caregiver
may be able to remove and reapply the hat quickly, saving
time for the caregiver. In further embodiments, the caregiver
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may place the sensor structure on other areas of the patient
including, but not limited to, a finger, a foot, or a limb.

With the foregoing in mind, FIG. 1 is a drawing of an
adjustable stocking hat 10 in accordance with an embodi-
ment. As described in detail below, the stocking hat 10
includes an annular securing device 24A that enables the
stocking hat 10 to conform to a variety of head sizes. In this
example, the stocking hat 10 includes openings at a distal end
12 and a proximal end 14. The annular securing device 24 A is
located in a headband portion 16 of the stocking hat 10. As
illustrated, the annular securing device 24 A may be integral to
the stocking hat 10, such that it is inserted into a pocket
formed around the periphery of the stocking hat 10. An upper
portion 18 of the stocking hat 10 is located above the head-
band portion 16. Located near the distal end 12 of the stocking
hat 10 is a constriction 20, which is smaller than the opening
at the proximal end 14. Located adjacent to the constriction is
a distal opening 22 through which cables, wires, strings, and
so forth may pass therethrough. For example, as described in
detail below, a sensor cable or an adjustment device for the
annular securing device 24A may pass through the distal
opening 22 to help direct the cable or device away from the
face of patient.

In the illustrated embodiment, when one or both ends of the
annular securing device 24A are pulled toward the distal end
12 or the proximal end 14 (i.e. in an axial direction), the height
26 of the annular securing device 24A increases and its diam-
eter 28 and circumference decrease. In certain embodiments,
the annular securing device 24A may be constructed from a
cylindrical, helically wound braid or a common biaxial braid.
For example, the annular securing device 24A may be con-
structed by weaving together two perpendicular groups of
strands referred to as a warp and a weft. The warp refers to the
set of lengthwise strands and the weft refers to the strands
inserted over and under the strands of the warp. The strands of
the warp and weft may be free to move pass one another. The
increase in the height 26 of the annular securing device 24A
is obtained by reducing an angle 30 between the warp and
weft strands at their crossing points, which reduces the diam-
eter 28 and hence, the overall circumference of the annular
securing device 24A. Additional pulling of the ends of the
annular securing device 24A causes the circumference and
the diameter 28 of the annular securing device 24 A to further
decrease. The strands of the annular securing device 24 A may
be made from materials such as, but not limited to, fabrics,
cloths, wood, plastic, metal, and so forth. For example, in
certain embodiments, the strands may be cloth strips with a
width greater than approximately 0.5 cm.

In the illustrated embodiment, adjustment devices 32A
may be attached to the annular securing device 24 A to enable
the caregiver to pull the annular securing device 24A in an
axial direction to reduce the circumference of the stocking hat
10. In certain embodiments, the adjustment devices 32A may
be attached to individual strands of the annular securing
device 24A. In other embodiments, the adjustment devices
32A may be attached to an annular ring or similar structure
attached to the strands of the annular securing device 24A. In
the illustrated embodiment, the adjustment devices 32A are
strings and are spaced evenly about the annular securing
device 24A. In other embodiments, the spacing of the adjust-
ment devices 32A may not be regular. In addition, the number
of'adjustment devices 32A may be selected based on the size
of the stocking hat 10, the amount of force needed to pull on
the annular securing device 24A, the strength of the annular
securing device 24 A, adjustment devices 32A, or connection
between the annular securing device 24A and adjustment
devices 32A, and so forth. Further, the adjustment devices
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32A may include, but are not limited to, strings, threads,
filaments, twine, cords, cables, straps, strips, bands, belts, and
so forth. The adjustment devices 32A may be made from
natural materials, such as, but not limited to, cotton, linen,
hemp, and so forth or synthetic fibers such as, but not limited
to, polypropylene, nylon, polyesters, polyethylene, and so
forth.

As shown in FIG. 1, proximal ends 14 of the adjustment
devices 32A may be located externally to the stocking hat 10.
The adjustment devices 32 A pass through openings 34 in the
stocking hat 10 and upper portions of the adjustment devices
32A, indicated by dashed lines in FIG. 1, are located inter-
nally to the stocking hat 10. Such a configuration of the
adjustment devices 32A may provide a more pleasing appear-
ance for the stocking hat 10 by reducing the visibility of the
adjustment devices 32A. In addition, by routing a portion of
the adjustment devices 32A internally to the stocking hat 10,
the potential for the patient to contact the adjustment devices
32A is reduced. In other embodiments, the adjustment
devices 32A may be routed completely internally to the stock-
ing hat 10.

The adjustment devices 32A may come together near the
distal opening 22 and are routed outside of the stocking hat
10. Thus, all of the adjustment devices 32A may be pulled
simultaneously to tighten the annular securing device 24A
evenly. In an embodiment, the adjustment devices 32A may
be constrained in the stocking hat 10 to avoid interfering with
the eyesight of the patient or bothering the patient. A locking
device 36 A may be disposed on the adjustment devices 32A
near the distal opening 22. After the adjustment devices 32A
are pulled toward the distal end 12, such that the annular
securing device 24 A is tightened to the desired diameter 28,
the locking device 36A may be slid toward the proximal end
14 and against the constriction 20 to maintain the adjustment
devices 32A in the desired position. Until the locking device
36A is removed, the stocking hat 10 may remain at the desired
diameter 28 for extended periods of time. The locking device
36A may be a clip or similar device that uses friction or
another restraining force to help prevent the adjustment
devices 32A from moving toward the proximal end 14,
thereby loosening the annular securing device 24A. To
remove the stocking hat 10 from the patient, the locking
device 36A may be disengaged or moved away from the
stocking hat 10, thereby enabling the adjustment devices 32A
to move toward the proximal end 14.

Alternatively, the stocking hat 10 may include one or more
removal devices 38A to enable removal of the stocking hat 10
from the patient. Specifically, the removal devices 38 A shown
in FIG. 1 may be configured as one or more tabs disposed
about the perimeter of the annular securing device 24A. By
pulling outward on the removal devices 38A away from the
annular securing device 24 A, the diameter 28 of the stocking
hat 10 may be increased enough to enable the stocking hat 10
to slide off the patient. The removal devices 38 A may be made
from materials similar to those used for the annular securing
device 24A or the stocking hat 10.

The stocking hat 10 may also include one or more sensor
indicia 40 corresponding to the location of one or more under-
lying sensors 41. As described in detail below, the sensor 41
is disposed on an inner surface of the stocking hat 10 and thus,
is not visible in FIG. 1. The sensor 41 may be a pulse oximetry
sensor, or any other type of sensor that may be disposed in the
stocking hat 10. The sensor indicia 40 may be placed on a
patch that is attached to the stocking hat 10, may be attached
directly to the stocking hat 10, or may be printed on the
stocking hat 10. The sensor indicia 40 facilitate proper place-
ment of the stocking hat 10 and thus the sensor 41 on the head
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of the patient. Therefore, coupling the sensor 41 with the
stocking hat 10 allows for easy placement of the sensor 41 on
the head of the patient while applying a predictable pressure
on the sensor 41 using the annular securing device 24A.

Although the annular securing device 24A is shown
exposed in FIG. 1, it may also be covered. For example, the
annular securing device 24A may be disposed between two
layers of fabric that form the inside and outside surfaces of the
stocking hat 10. Such a configuration would help prevent the
patient from contacting the annular securing device 24A. For
example, such a configuration of the stocking hat 10 may help
protect the annular securing device 24A from damage or
interference by the patient or other medical equipment. In
addition, covering the annular securing device 24 A may pro-
vide a more pleasing appearance for the stocking hat 10.

To illustrate how the stocking hat 10 appears before and
after placement on the head of a patient, FIG. 2 shows draw-
ings of the stocking hat 10 and how the shape and dimensions
of the stocking hat 10 change after the annular securing
device 24A is tightened. On the left-hand side of FIG. 2, the
stocking hat 10 is shown in a relaxed or loosened state 42. On
the right-hand side of FIG. 2, the stocking hat 10 is shown in
a tightened state 44. To change the stocking hat 10 from the
relaxed state 42 to the tightened state 44, the top of the annular
securing device 24A is pulled in the direction of arrow 46,
which may be accomplished using any of the adjustment
devices 32 described herein. In the relaxed state 42, the stock-
ing hat 10 has a relaxed height 26 A and a relaxed diameter
28B. In the tightened state 44, the stocking hat 10 has a
tightened height 26B and a tightened diameter 28B. As shown
in FIG. 2, the tightened height 26B is greater than the relaxed
height 26 A and the tightened diameter 28B is less than the
relaxed diameter 28B. Thus, by increasing the height 26 of the
annular securing device 24 A, the diameter 28 of the annular
securing device 24A decreases, thereby conforming and
securing the stocking hat 10 to the patient. As shown in FIG.
2, the angle 30 between the warp and weft strands changes as
the stocking hat 10 is tightened. Specifically, a relaxed angle
30A is greater than a tightened angle 30B. In other words, as
the angle 30 between the warp and weft strands decreases, the
height 26 of the stocking hat 10 increases and the diameter 28
decreases.

The annular securing device 24 A need not be limited to the
headband portion 16 ofthe stocking hat 10. For example, F1G.
3 is a drawing of an embodiment of the stocking hat 10 in
which the annular securing device 24B is located in both the
headband portion 16 and the upper portion 18. Thus, when the
caregiver pulls the distal end 12 of the stocking hat 10 in an
axial direction, the headband portion 16 and upper portion 18
of' the stocking hat 10 tighten and conform to the head of the
patient. In other words, substantially the entire the stocking
hat 10 conforms to the patient. With such a configuration, the
stocking hat 10 may be less likely to be inadvertently removed
or dislodged. For example, the annular securing device 24B
may be useful when used with neonates.

After pulling on the distal end 12 of the stocking hat 10
shown in FIG. 3, the caregiver may then fasten the locking
device 36B adjacent to the constriction 20 against the top of
the head. The locking device 36B may be a clip that includes
a plurality of small grips to enable the locking device 36B to
grab the annular securing device 24B. Once the locking
device 36B is fastened in place, both the locking device 36B
and the constriction 20 may be unable to move any further
toward the proximal end 14 because of the placement of the
locking device 36B against the head. Thus, the locking device
36B helps to prevent the annular securing device 24B from
relaxing, thereby maintaining the desired diameter 28 of the
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6

stocking hat 10. In other embodiments, the locking device
368 may be a rubber band or other similar device to maintain
the desired diameter 28 of the stocking hat 10. To remove the
stocking hat 10 from the patient, the locking device 36B is
removed and the distal end 12 of the stocking hat 10 is
allowed to relax toward the patient, thereby loosening the
stocking hat 10. Alternatively, the stocking hat 10 may
include one or more removal devices 38B attached to the
perimeter of the headband portion 16. In FIG. 3, the removal
devices 38B are configured as loops that may be used in a
manner similar to the removal devices 38A shown in FIG. 1.
Specifically, the caregiver may insert a finger into the removal
device 38B and pull outward and away from the patient to
enable removal of the stocking hat 10 without causing the
stocking hat 10 to tighten.

Other methods may be used to maintain the diameter 28 of
the stocking hat 10. For example, FIG. 4 shows a drawing of
the stocking hat 10 in which one or more adjustment devices
32B may be attached to the annular securing device 24A and
pulled in an axial direction to tighten the annular securing
device 24A and reduce the diameter of the stocking hat 10.
The adjustment devices 32B are configured as tabs or strips
attached to individual strands of the annular securing device
24A or to a ring or similar structure attached to the strands of
the annular securing device 24A. The number of adjustment
devices 32B may be less than that of the adjustment devices
32A shown in FIG. 1 because the adjustment devices 32B
may be wider and stronger. In addition, the manufacture of
stocking hats 10 using the adjustment devices 32B may be
less complicated and/or less costly than that of stocking hats
10 using the adjustment devices 32A shown in FIG. 1. Fur-
ther, the adjustment devices 32B may be less likely to be
interfered with by the patient. The distal ends 12 ofthe adjust-
ment devices 32B include a hook side 72 of a hook and loop
fastener. The upper portion 18 of the stocking hat 10 may
include a loop side 73 of the hook and loop fastener opposite
the hook side 72. Alternatively, the material used for the
stocking hat 10 may function as the loop side 73 of the hook
and loop fastener. To tighten the annular securing device 24 A,
the adjustment devices 32B are pulled in the direction of the
distal end 12 of the stocking hat 10 and the hook sides 72
fastened to the loop sides 73. Correspondingly, to loosen the
annular securing device 24A, the hook sides 72 of the adjust-
ment devices 32B are removed from the loop sides 73. The
adjustment devices 32B may be made from materials similar
to those used for the stocking hat 10.

In the illustrated embodiment, one or more adjustment
indicia 74 may be provided on the upper portion 18 of the
stocking hat 10. The adjustment indicia 74 may include, but
are not limited to, lines, marks, symbols, and so forth, to
correspond to one or more head sizes of the patients using the
stocking hat 10. For example, adjustment indicia 74 located
near the proximal end 14 may correspond to larger head sizes
and adjustment indicia 74 located near the distal end 12 may
correspond to smaller head sizes. Thus, the adjustment indi-
cia 74 may facilitate tightening the stocking hat 10 to exert the
proper pressure on the pulse oximeter sensor 41 for a particu-
lar patient. In other embodiments, part of the upper portion 18
of the stocking hat 10 may also include the annular securing
device 24B. In such embodiments, the adjustment devices
32B may be attached to the top of the annular securing device
24B located in the upper portion 18. In further embodiments,
devices such as, but not limited to, snaps, buttons, and other
fasteners, may be used to secure the adjustment devices 32B
to the stocking hat 10.

As shown in FIG. 4, the removal device 38A may be
attached to part of the sensor index 40. Such a location for the
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removal device 38A may enable the caregiver to locate the
removal device 38 A quicker. In addition, it may be simpler to
attach the removal devices 38A to the sensor indicia 40
instead of directly to the annular securing device 24A. In
certain embodiments, the sensor indicia 40 may include
raised components that enable the sensor indicia 40 to func-
tion as the removal devices 38. Specifically, a caregiver may
be able to grasp the raised component of a sensor index 40 to
remove the stocking hat 10 without causing the annular secur-
ing device 24 A to tighten. In other embodiments, one or more
removal devices 38B, such as the loops shown in FIG. 3, may
be attached to the sensor indicia 40 or the headband portion 16
to facilitate removal of the stocking hat 10.

The head of the patient is not the only location where the
pulse oximetry sensor 41 may be placed. For example, FIG. 5
shows a drawing of a finger pulse oximetry medical device
110 disposed on a finger 112 of a patient. The sensor 41 may
be placed on the finger 112 when the head is injured, to avoid
patient discomfort, or to reduce the possibility of inadvertent
removal. The medical device 110 is constructed and operated
in a manner similar to the stocking hat 10 described in detail
above. Specifically, the band portion 16 of the medical device
110 may include the annular securing device 24A and the
pulse oximetry sensor 41. One or more adjustment devices
32A may be attached to the annular securing device 24A,
routed through the constriction 20, and exit through the distal
opening 22. When the adjustment devices 32A are pulled
away from the finger 112, the diameter 28 of the medical
device 110 decreases, conforming the medical device 110 to
the finger 112. In the illustrated embodiment, the adjustment
devices 32A are routed completely through the interior of the
medical device 110. Furthermore, the locking device 36A
may be used to secure the annular securing device 24A in a
tightened position around the finger 112. In the illustrated
embodiment, the band portion 16 may be positioned away
from anail 114 of the finger 112 to enable more accurate pulse
oximetry measurements. The medical device 110 may be
released from the finger 112 be either removing the locking
device 36A or pulling on the removal devices 38A in a direc-
tion away from the finger 112. In other embodiments, the
medical device 110 may be positioned on a toe of the patient.
In further embodiments, the medical device 110 may include
the annular securing device 24B and locking device 36B such
that generally all of the medical device 110 is conformable to
the finger 112. Such a configuration may reduce the possibil-
ity of inadvertent removal of the medical device 110.

Other than the head, finger, and toe of the patient, the pulse
oximetry sensor 41 may also be placed on a foot 132. In FIG.
6, the band portion 16 of a foot pulse oximetry medical device
130 may include the annular securing device 24 A. Placing the
medical device 130 on the foot 132 may be useful if other
locations are unavailable, injured, or inconvenient for the
patient. Inthe illustrated embodiment, the medical device 130
is similar to the stocking hat 10 described in FIG. 1. Specifi-
cally, pulling on the adjustment devices 32A away from the
foot132 results in a decrease in the diameter 28 of the medical
device 130, conforming the medical device 130 to the foot
132. In other embodiments the medical device 130 may be
configured similar to the stocking hats 10 shown in FIG. 3 or
4. In the illustrated embodiment, the medical device 130
covers a foot 132 of the patient instead of being disposed on
individual toes 134. In addition, the medical device 130 uses
removal devices 38B configured as loops as one option for
removing the medical device 130 from the foot 132. In other
embodiments, pulling on tabs, such as removal devices 38A,
or removal of the locking device 36 A may be used to remove
the medical device 130.
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Turning next to the pulse oximetry sensor 41, a reflectance-
type pulse oximetry sensor 41, as shown in FIG. 7, may be
placed or adhered to the inside of the stocking hat 10.
Examples of such a sensor 41 and its use and construction
may be found in U.S. Pat. No. 7,047,056, which issued on
May 16, 2006, as well as U.S. Pat. No. 7,809,420, which
issued on Oct. 5, 2010, which are both herein incorporated by
reference in their entirety for all purposes. The sensor 41 may
include a substrate 182 that may be made from any suitable
material. In an embodiment, the substrate 182 is a foam or
other conformable material. In one embodiment, the substrate
182 is black or dark in color to absorb stray light and mini-
mize any shunting of light between the sensor 41 and the
patient skin. In one embodiment, the substrate 182 may
include an adhesive material to secure the sensor 41 directly
to the tissue. In one embodiment, the sensor 41 may include
an emitter 184 containing emitters for two or more wave-
lengths of lights and a detector 186 spaced apart from the
emitter 184.

Also shown in FIG. 7 is a cable 188 for providing drive
current to the emitter 184, and providing the detector signal to
a medical device. In addition to providing the electrical con-
nection to the downstream medical device, the cable 188 may
provide shielding to protect the small signals from the detec-
tor 186 against external electrical interference. In addition,
the sensor 41 may include suitable structures for providing
electrical connections to the cable 188 and/or downstream
medical device, such as a flex circuit, a Faraday shield, and
leads connecting the optical components of the sensor 41 to
the electrical components.

The sensor assembly 41 is shown fully assembled together
with the stocking hat 10 in FIG. 8. As shown, the sensor 41 is
positioned on the interior of the stocking hat 10 such that the
emitter 184 and detector 186 may come into contact with the
skin when the stocking hat 10 is applied to the patient. The
sensor 41 may be attached (e.g., adhered or sewn into) to the
inside band of the stocking hat 10. In one embodiment, the
stocking hat 10 may include indicators, such as the sensor
indicia 40 described above, to position the sensor 41 on a
particular location on the forehead of the patient, for example
to position the sensor 41 on the lower forehead region, above
the eyebrow, with the sensor optics (emitter 184 and detector
186) located above and predominantly lateral to or centered
over the iris. The location of the reflectance sensor 41 in the
stocking hat 10 allows appropriate placement of the sensor 41
in the desired forehead location by a user not skilled in sensor
placement. FIG. 8 shows that the cable 188 is positioned
through the distal opening 22 in the top of the stocking hat 10.
In an embodiment, the cable 188 may be adhered or otherwise
constrained in the stocking hat 10 so that the cable 188 gen-
erally is positioned away from the sensor 41 to avoid inter-
fering with the eyesight of the patient or bothering the patient.

A sensor or sensor assembly, illustrated generically as the
stocking hat 10, may be used in conjunction with a pulse
oximetry monitor 220, as illustrated in FIG. 9. It should be
appreciated that the cable 188 of the stocking hat 10 may be
coupled to the monitor 220 or it may be coupled to a trans-
mission device to facilitate wireless transmission between the
stocking hat 10 and the monitor 220. The monitor 220 may be
any suitable pulse oximeter, such as those available from
Nellcor Puritan Bennett LLC. Furthermore, to upgrade con-
ventional pulse oximetry provided by the monitor 220 to
provide additional functions, the monitor 220 may be coupled
to a multi-parameter patient monitor 222 via a cable 224
connected to a sensor input port or via a cable 226 connected
to a digital communication port.
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While the disclosure may be susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been
described in detail herein. However, it should be understood
that the embodiments provided herein are not intended to be
limited to the particular forms disclosed. Rather, the various
embodiments may cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the disclo-
sure as defined by the following appended claims.

What is claimed is:

1. A medical device comprising:

a hat;

an annular securing device coupled to the hat and config-
ured to adjustably secure the hat to a patient’s body,
wherein the annular securing device is configured to
reduce in circumference when at least one end of the
annular securing device is pulled in an axial direction;

a locking device configured to maintain the circumference
of the annular securing device when the locking device
is locked; and

a sensor disposed on the hat or annular securing device,
wherein the sensor is configured to communicatively
couple to the patient’s body.

2. The medical device of claim 1, comprising:

a plurality of adjustment devices coupled to the annular
securing device, wherein the plurality of adjustment
devices are configured to reduce the circumference of
the annular securing device when the plurality of adjust-
ment devices are pulled in an axial direction relative to
the annular securing device, to at least partially route
through an interior of the hat, to extend from the annular
securing device through an open portion of the hat con-
figured to be proximate to a top of the hat when the hat is
applied to the patient’s body, and wherein the annular
securing device is disposed in a band of the hat;

wherein the locking device is coupled to the plurality of
adjustment devices proximate to the top of the hat,
wherein the locking device is configured to maintain the
circumference of the annular securing device when the
locking device is locked; and

a removal device coupled to the band of the hat or annular
securing device, wherein the removal device is config-
ured to increase the circumference of the annular secur-
ing device.

3. The medical device of claim 1, comprising:

wherein the locking device is coupled to a top of the hat,
wherein the locking device is configured to maintain the
circumference of the annular securing device when the
locking device is locked, and wherein the annular secur-
ing device is disposed throughout the hat; and

aremoval device coupled to the hat or the annular securing
device, wherein the removal device is configured to
increase the circumference of the annular securing
device.

4. The medical device of claim 1, comprising:

a plurality of adjustment devices coupled to the annular
securing device, wherein the plurality of adjustment
devices are configured to reduce the circumference of
the annular securing device when the plurality of adjust-
ment devices are pulled in an axial direction relative to
the annular securing device, and wherein the annular
securing device is disposed in a band of the hat;

wherein the locking device comprises a hook and loop
fastener, wherein a first portion of the fastener is coupled
to the plurality of adjustment devices, the hat comprises
a second portion of the fastener or the second portion is
disposed on the hat, and the fastener is configured to
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maintain the circumference of the annular securing
device when the first and second portions of the loop
fastener are fastened;

an adjustment index disposed on the hat or the annular

securing device, wherein the adjustment index is con-
figured to indicate whether the annular securing device
is properly securing the hat to the patient; and

a removal device coupled to the band of the hat or the

annular securing device, wherein the removal device is
configured to increase the circumference of the annular
securing device.
5. The medical device of claim 1, wherein the annular
securing device comprises a cylindrical, helically wound
braid or a cylindrical biaxial braid.
6. The medical device of claim 1, wherein the annular
securing device comprises interwoven warp strands and weft
strands.
7. The medical device of claim 1, wherein the sensor com-
prises a substrate disposed on the hat or annular securing
device, an emitter disposed on the substrate, a detector dis-
posed on the substrate, and a cable coupled to the emitter and
the detector.
8. The medical device of claim 1, comprising a plurality of
adjustment devices coupled to the annular securing device,
wherein the plurality of adjustment devices are configured to
reduce the circumference ofthe annular securing device when
the plurality of adjustment devices are pulled in an axial
direction relative to the annular securing device.
9. The medical device of claim 8, wherein the plurality of
adjustment devices comprise strings, threads, filaments,
twine, cords, cables, straps, strips, bands, or belts, or any
combination thereof.
10. The medical device of claim 1, wherein the locking
device comprises a clip or a hook and loop fastener, or any
combination thereof.
11. The medical device of claim 1, wherein the hat com-
prises a neonatal stocking cap.
12. A method of operating a medical device, comprising:
applying a hat to a patient’s body, wherein an annular
securing device is coupled to the hat, and wherein a
sensor is disposed on the hat or annular securing device;

pulling at least one end of the annular securing device in an
axial direction to reduce a circumference of the annular
securing device, such that the sensor is communicatively
coupled to the patient’s body; and

placing a locking device on the hat or a plurality of adjust-

ment devices coupled to the annular securing device to
maintain the circumference of the annular securing
device.

13. The method of claim 12, comprising pulling a plurality
of'adjustment devices coupled to the annular securing device
to reduce the circumference of the annular securing device.

14. The method of claim 12, comprising increasing the
circumference of the annular securing device with a removal
device coupled to the hat or annular securing device to
remove the hat from the patient’s body.

15. A method of manufacturing a medical device, compris-
ing:

providing an annular securing device on a hat, wherein the

annular securing device is configured to adjustably
secure the hat to a patient’s body and to reduce in cir-
cumference when at least one end of the annular secur-
ing device is pulled in an axial direction;

providing a sensor on the hat or annular securing device,

wherein the sensor is configured to communicatively
couple to the patient’s body;
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assembling the hat, annular securing device, and sensor to
form the medical device;
providing a plurality of adjustment devices on the annular
securing device, wherein the plurality of adjustment
devices are configured to reduce the circumference of
the annular securing device when the plurality of adjust-
ment devices are pulled in an axial direction relative to
the annular securing device;
providing a locking device on the hat or the plurality of
adjustment devices, wherein the locking device is con-
figured to maintain the circumference of the annular
securing device when the locking device is locked; and
providing a removal device coupled to the hat or the annu-
lar securing device, wherein the removal device is con-
figured to increase the circumference of the annular
securing device.
16. The method of claim 15, comprising providing the
annular securing device in a band of the hat.
17. The method of claim 15, comprising providing the
annular securing device throughout the hat.
18. The medical device of claim 1, wherein the sensor
comprises a pulse oximetry sensor.
19. The method of claim 12, wherein the sensor comprises
a pulse oximetry sensor.
20. The method of claim 15, wherein the sensor comprises
a pulse oximetry sensor.
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